The formation and the evolution of the neutral and charged magneto-excitons in GaAs/AIGaAs quantum wells (QWS) and single heterojunctions (SHJS) have been extensively investigated. Since the heavy-hole (HH) and the light-hole (LH) subbands are energetically split, two types of Wannier excitons can be distinguished: the heavy-hole exciton (HHE) and the light-hole exciton (LHE). The Zeeman splitting of the HH excitons confined in QWS was successfully measured by Snelling et al. [1] . On the contrary, the enhancement of the electron-hole exchange interaction (EHEXI) [2] induced by the 2D confinement has been Iess investigated. Bauer et al. [3] reported the first evidence for a doublet character of the HH exciton.: recombination, caused by a width-dependent localization enhanced EHEXI in a type I GaAs/AIGaAs QW. They measured the energy of the splitting for different QWS in zero magnetic field as a function of weIl width and temperature. The lower energy peak of the doublet was shown to come from a dipole forbidden transition as a result of thermalization effects. Similar conclusions were reached by Potemski et al. [4] using a new spectroscopic method to -.
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identify the electronic spin orientation of excitons in a magnetic fieId [5] . In GaAs/AfGaAs type H multiple QWS, the exchange splitting was investigated by van Kestem et al. [6] using optically detected magnetic resonance (ODMR) experiments. Theoretical investigations [7, 8] , on the other hand, showed that the observed splittings are too large to be explained by exchange effects. For exampIe, Andreani and Bassani [7] showed that the splitting for a type I QW at zero field should be an order of magnitude smaller than those found experimentally [3, 4] . Here we report a series of circularly polarized magnetophotohtminescence (MPL) measuremen~s on a high-quaIity GaAs/AIGaAs QW with a well of 200A. The experiments were performed in magnetic fields up to 60 T and at temperatures between 370 and 1.5 K. The appearance of a high-energy peak in the right circular polarization (RCP), in addition to the observed HHE and LHE peaks, is considered to be a result of localization enhanced EHEXI. This peak could only be resolved for magnetic fields higher than 9 T due to the small separation between it and the HHE peak at low magnetic fields. The electron effective g-factor was determined to be 3.7 times higher than its bulk vafue as a result of the EHEXI enhancement. We also observed the formation, around the filling factor v = 2, of an extra peak (H) with energy between the energy of the HHE peak and the one due to the enhanced EHEXL We followed thk peak all the way up to 60 T in both RCP and left circular polarizations (LCP). Itsbehavior with maewetic field and temperature has certain similarities with the some previously reported anomalies in the integer (IQHE) [9] and fractional quantum Hall regime (FQHE) [10, 11] . However, up to this point we are unable to offer an unambiguous interpretation of this peak.
DISCLAIMER

LI-IE
The sample that we used in the experiment was a 200G aAsfAb5Gao45As single QW remotely doped. The dark electron density was 1.2 X 10'1 cm-2 and the mobility higher than 3 X 106cm2 V-lS-'. With constant laser illumination (at 632.8 nm) during the measurements, the 2DEG density increased to 1.58X 10L 1cm-2. Using a quasicontinuous magne~the field was varied from O to 60 T, while the temperature was changed from 1.5 K to 370 mK. Details of the experiment have been described elsewhere [12] . Fig. 1 shows the unpolarized spectra taken at a temperature T = 370 mK. Transport measurements under equivalent illumination were used to determine the actual 2D carrier concentration n = 1.58X 10'1 cm-2. This is slightly higher than the estimated [13] density required (n= 1.0 X 10'1 cm-2) for the unbinding of the excitons at B = OT. For the spectra shown in Fig. 1 we find that the peak at B = OT cannot be fitted using a simple Gaussian, due to the broadening on the higher energy side. Following Damen et al. [14, 15] we interpret this zero field signal as a mixture between the HHE and the band-to-band recombination which accounts for the high-energy tail. When the magnetic field is turned on, the excitonic character is completely recovered [13] . At B = 0.5 T, a seeond peak at high energy immediately forms. This peak is due to the LH excitonic states, as a result of the applied magnetic field and was observed in both RCP and LCP. The difference in energy between the LHE and HHE states at very low magnetic field, of about 1.9 meV, is comparable with those found in other stud]es of QWS of about the same size [16, 17] . The inset in Fig. 1 shows the evolution of the HH and LH excitons with the magnetic field up to 20 T. Beyond this field the ls-LHE peak could not be resolved anymore. It can be seen that the two states cross at a field of about B = 8.5 T as a result of a lighter in-plane mass of the HH (-0.04 rnJ compared with the in-plane mass of the LH (~0.051 rr@. The ratio of the E vs. El slopes for these two states (in the linear region) gives the ra(io of the inverse reducd. masses of the excitons. Using the values above for the in-plane HH and LH masses and 0.067~for the electron mass, we find the ratio of the redtreed masses #~~B/#H~to be~1.16, in good agreement with the value obtained from the ratio of the sdopes.
Due to higher in-plane masses, the LHE is more tightly bound than the HHE. For this reason, the diamagnetic shift in the case of the LHE should be smaller than in the case of the HHE. The energy shhl for 1s state was shown to be [18, 19] : AE = kB2/p,3 (here # is the reduced mass of the exciton and k is a constant determined by the exciton state [20] . The diamagnetic shifts that we obtained by fitting the data in the low field regime are: AELHE/B2-0.04 meV T-2, AEHH~/B2-0.01 meV T-2.
At a field of about 3 T (vs 2) a new high-energy peak+ labeled H, appears in the spectrum. In Fig. 2(a) , the evolution of the intensities of the HHE and H peaks is shown. The HHE peak displays dktinctive minima at filling factors u = 1,2 and 6 which can be related [11] to the suppression of screening and a concomitant increase in the excitonic binding energy. The intensity of the H peak shows the opposite behavior, with maxima at the filling factors v = 2, 1, 0.24 and 0.17. Less pronounced intensity maxima appear at v = U2, 1/5 and 1/3. The difference in energy between H and HHE peaks as a function of magnetic field is indicated in Fig. 2(b) . This difference is almost constant (0.5 meV), but with a weak minimum at v = 2 and a strong one at v = 1. In Fig. 2(c) we show the unpolarized spectra at two temperatures (370 mK and 1.5 K) normalized with respect the B = OT spectrum. One surprising result is that the intensity of the H peak is strongly enhanced as the temperature is lowered from 1.5 K {o 370 mK. This behavior rules out the possibility that the H peak is created by fluctuations in the population of the number of the eIectrons and hoIes. Above 30 T, the HHE peak cannot be distinguished due to the high intensity of the H transition.
Up to this point, we are unable to find an explanation for the appearance of this peak. Its behavior does not strongly depend on polarization, as is the case for the HHE peak whose intensity is reduced in the RCP spectra compared to the LCP spectra. Because the sample was grown with no interruptions, we have ruled out that its formation could be related to imperfections in the size of the QW [21, 22] . Deveaud et al. [23] showed that a single monolayer disorder can be observed in the PL spectra of GaAs/AIGaAs interfaces. They found that the smallest splitting between the peaks was 4.8 meV in the case of the signal coming from adjacent regions differing in their widths by u/2 (where a is the GaAs lattice constant). TMs value is about one order of magnitude larger than the splitting that we observe between the H and HHE peaks. We also have to rule out the possibility of it being created as a result of a field induced HHE spin-splitting. The energy separation between the peaks in our case is aImost constant over the entire range of magnetic field considered (see Fig. 2(b) ). Fig. 3(a) shows some spectra taken in the range 8-11 T at a temperature of about 370 mK. The most important observation is the appearance in the RCP spectra of a supplementary peak, Iabe[ed S. It has an energy higher than the energy of the H peak but is absent in the LCP spectra as illustrated in Fig. 3(b) . Thk figure shows the LCP and RCP spectra taken at B = 10 T and at the same temperature 370 mK. The peaks, in order from the lowest to the highest energy, are due to the triplet state of the negatively charged magneto-exciton (Xt-), the LHE, the HHE and the H peak, respectively. We interpret this new peak S as evidence of the enhancement of the EHEXL Chen et al. [2] showed that the short range of the EHEXI in a QW is considerably enhanced as a result of the confinement, compared with its value in the bulk material. For this reason, the fine structure of the HHE at B = OT consists of two transitions. The higher energy one is dipole allowed and the lower energy one (with the energy equal to the energy of the HHE in the absence of the EHEXI) dipole forbidden. Labeling the eXChOniC SVWS lmh, me), the C@Ok dlOWd transitions will be [2] : \ t 3/2, Z 1/2) and I * 1/2, t 1/2} for the HHE and LHE, respectively. ,?le I + 3/2, -1/2) and I + 1/2, + 1/2) states should be RCP polarized, while the I -3/2, + 1/2) and I -1/2, -1/2) are LCP polarized. The dipole forbidden transition will be given by \ t 3/2, f 1/2). The appearance of this peak in the PL signal [3] was related to thermalization effects. The selection rules show that for dipole forbidden states to decay, an electronor hole-spin flip is required [6] . Bauer et al. [3] observed that the energy difference between the dipole allowed peak and the dipole forbidden peak (whose energy is the same as the energy of the HHE calculated without EHEXI) is about 0.6 meV, for a QW with the well width of 150~at zero magnetic field. These results strongly disagree with the theoretical work presented by Andreani and Bassani [7] .
The latter calculated the factor with which the short range exchange interaction is enhanced in QWS over the bulk value as a function of QW width. Their results, using a vaIue of the bulk exchange-splitting measured earlier [24, 25] , showed that the energy splitting should beat least ten times smaller than the experimentally observed value. In the case of a 200~QW for example, at zero magnetic field, this splitting should be about 0.04 meV.
In Fig. 4(a) we show the evolution of the energies of the HHE and S peaks in the RCP polarization as a function of the magnetic fieId. Around B = 25 T, the intensity of the S peak became very small as a result of depopulation of the -1/2 electronic level. At 30 T, the HHE peak is almost completely dominated by the H transition and can no longer be resolved. The peak separation between these two peaks increases almost linearly with the field. We should point out the fact that when they are extrapolated to zero magnetic field, the energy difference between the two peaks is close to zero, as calculated [7] . Due to thk small separation energy, we were unable to resolve the formation of the S peak below B = 9 T. In Fig. 4(b) , we fitted the energy difference between the S and HHE peaks with a Zeeman energy
given by E, = gm~B. The g-factor that we obtained is 3.7 times higher than the bulk absolute vahre of the g-factor for the electron g== -0.44). According to Chen et al. [2] , the appearance of the HHE peak is due to the formation of the I + 3/2, + 1/2) dipole forbidden exciton. We ignore the contribution from the I -3/2, -1/2) dipole forbidden exciton for two reasons: (a) at v = 2 (B = 3.25 T), the -1/2 electron level begins to depopulate and also, most of the photo-created holes will be located on the + 3/2 spinIevel; (b) in the case when the I -3/2, -1/2) exciton was present, the Zeeman splitting of the HHE peak should be much larger than that observed. The formation of the HHE peak in the MPL takes place as a result of an electron or hole spin-flip [6] in the initial \ + 3/2, +1/2) excitonic state. An eIectron spin-flip wiII give an RCP polarized sia-al, while a hole spin-flip will give an LCP signaL As the LCP signal is stronger than the RCP signal, we conclude that a hole spinflip is energetically more favorable at large fields. This can be as a result of the enhancement of the electron g-factor due to the EHEXI, as shown by Nicholas et al. [26] , as well as by Lefebvre et al. [27] . From our data we conclude that the elects-en g-factor is enhanced 3.7 times over its bulk value. On tie other hand, there is no predicted enhancement in the HH g-factor, which can explain why we do not see any signaI in the LCP polarization from the initial I -3/2, -1-1/2) excitonic state. The Zeeman energy separation between it and the HI-E peak produced by the I + 3/2, + 1/2) initial excitonic state is much smaller than the one between the HHE peak and the I + 3/2, -1/2) initial excitonic state.
In conclusion, MPL measurements were performed on a high-quality GaAs/AIGaAs QW. The results show the appearance of a RCP polarized high-energy peak (S), which we interpret as evidence for the enhancement of the EHEXI in agreement with previous theoretical work [2, 7] . From our data, we estimate that the effective g-factor of the electron is 3.7 times the bulk vahre. Of equal interest is the appearance of an addhional peak (H) around v = 2, with an energy between that of the HHE and S peaks. Its intensity is relatively insensitive to polarization and it becomes the dominant peak beyond 30 T (vs 1/5). It shows intensity oscillations in the IQHE and FQHE regimes that are correlated with the intensity oscillations of the HHE peak, while the energy separation between these two Iines remains almost constant. Up to now, we cotdd find no satisfactory explanation for the appearance of this peak.
